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ABSTRACT
Kinetics of the esterification reaction between benzylbromide and
potassium p-nitrobenzoate catalysed by five crown ethers have been studied
under conditions of phase-transfer catalysis in a chloroform-crystalline
two phase system at 25°C. Potassium p-nitrobenzoate is transferred into
chloroform from the crystalline state by the crown ethers. The reaction
kinetics are found to be pseudo-first-order in the presence of excess of
solid potassium p-nitrobenzoate. The observed pseudo-first-order rate cons-
tants are linearly related to the salt concentration in the organic phase,
except when MB15C5 is used as phase-transfer agent. Rate constants for
both SNl and SN2 mechanisms (k1 and k2 respectively) are determined. Under
the reaction conditions, k1 values are found to be negligibly small, even
when the substrate is replaced by p-methoxybenzylbromide, which favors the
dissociation process. Whereas the second order rate constants k2 are ob-
served to be around 10-2 l.mol-lmin-1. The effectiveness of crown ethers
as phase-transfer catalysts is reflected by these k2 values. The order of
effectiveness of the crown ethers being bis-1-B15C5 > DCH18C6 > 18C6 >
MB18C6. The most effective one differs from the least effective one by a
factor of nine. The attacking species in the nucleophilic substitution
reaction is found to involve ion-pairs, in which the anion reactivity is
influenced by the interaction with the cation. The difference in the ef-
fectiveness of the crown ethers is explained by the different degree of
cation-anion interaction within the ion-pair. The rate enhancement that
accompanies the change of the reaction medium from chloroform to methylene
chloride is also interpreted as due to the weaker cation-anion interaction
in the more polar solvent.
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SECTION ONE: INTRODUCTION
1.1 History of phase-transfer catalysis
Chemists have for years been handicapped in the use of inorganic
reagents with organic substrates. The inhomogenuity prevents the two
species to come into close proximity, which is the basic requirement
for a bimolecular reaction to occur. Though the use of such solvents as
alcohols, acetone and dioxane has been suggested to attain a homogeneous
solution, the low solubility of both inorganic salt and organic substrate
in such solvents makes their use rather ineffective. Later, the problem
is partly solved by the use of polar aprotic solvents, such as dimethyl-
sulfoxide (DMSO), dimethylformamide.-(DMF) and acetonitrile. Their cation
solvating ability enables the dissolution of both salt and organic sub-
strate in one phase. However, most of these solvents are expensive, dif-
ficult to remove, purify and keep in a dry state, thus their extensive
application is hindered. It was not until the last decade that the problem
was overcome by the discovery of a new class of catalyst, now given the
name Phase-transfer catalysts. They have the property of transferring
cations into a medium of low polarity, where the accompanying anion can
react with the organic substrate in a homogeneous state.
Examples of the phenomenon now known as Phase-transfer catalysis
can be traced back to the 50's, though the basic principles were not yet
understood. In 1947, Wittig and coworkers demonstrated the value of using
tetrabutylammonium cation paired with trityl and fluorenide ions for
alkylation in dry alcohol solutions1. Jarrouse in 1951 found that the
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following two phase reactions (equations 1.1 and 1.2) were markedly acce
lerated by the use of benzyltriethylammonium chloride2
2
OH
N H CH C1
6 5 2
NaOH
C H CH NEt Cl
6 5 2 3
org org aq
OCH C H
2 6 5
NaCl H O
2
(1.1)
CH CN
2
C H Cl
2 5
NaOH
C H CH NEt Cl
6 5 2 3
org org aq
C H
2 5
CH-CN
NaC1 H O2 (1.2)
During the 50's and the early 60's, the catalytic properties of
quarternary ammonium and phosphonium salts in two phase reactions had
found great applications, though the underlying principle was undoscpvered,
and was sometimes believed to involve the surfactant properties of the
quarternary salts. Until 1965 Makosza and coworkers examined the two
phase alkylation technique in great details3 that led to a better under-
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standing and utilization of the method. Representative papers in various
types of reactions were published l, namely permanganate oxidations 4, al-
kylation reactions3'5, and carboxylate displacement reactions6. All of
these were restricted to the use of quarternary salts as catalysts. It
was Starks who in his publications 7'8 first used the name Phase-trans-
fer catalysis to the new technique, and who later suggested with evi-
dences the mechanistic pathway of phase-transfer displacement reactions
The use of crown ethers, a new class of compound first synthesized
purposely by Pederson in 196710,11, as phase-transfer catalysts was first
recognised by Liotta and coworkers 12. Since then, crown ethers and quar-
ternary salts together shared the name of phase-transfer catalysts, though
recently, a new member- the Cryptands was-also growing in its significance,
1.2 Phase-transfer agents, and the principle of catalysis
The basic principle of phase-transfer catalysis is to use a certain
phase-transfer agent to transfer the inorganic anions, as in the case of
quarternary salts, or the whole inorganic salt in the case of crown ethers,
from an aqueous or sometimes solid phase into an organic phase where the
substrate resides, and thus homogeneous reaction takes place.
The ability of phase-transfer agents to transfer inorganic salts
relies on the formation of a species that is lipophilic enough to be solu-
ble in the organic phase. Quarternary ammonium salts such as the Makosza
Catalyst (benzyltriethylammonium chloride) 3(1) used in equations 1.1
4and 1.2 achieves this end quite easily, since the cation is suttlclently
lipophilic to enjoy solubility in both aqueous and organic phases. Anion
transfer is merely a result of ion-pairing to maintain electrical neutra-
lity in the organic phase.
Organic C6H5CH2NEt3 Nu
Phase
(1.3)
Aqueous F MtClC6H5CH2NEt3 Nu
Phase
As for crown ethers such as 18-crown-6 (2), their complexing property
towards alkali and alkaline earth metal ions is utilized to provide
such a lipophilic species soluble in the organic phase.
Nu (1.4)M+Nu
(2)
Successful catalytic performance depends on a preferential ion-pairing
of the catalyst cation with the nucleophilic anion over the nucleofuge
C6H5CH2NEt3 C1- + M+Nu-
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anion, otherwise, catalyst poisoning will result. More on the mechanism
of phase-transfer displacement reactions will be given in the next section.
The advantages of using phase-transfer catalysts are manifold. For
instance, they allow the direct use of inorganic reagents, such as sodium
hydroxide 8,9,13,14 potassium hydroxide 11115 and potassium permanganate
8,16,17 in organic medium that would otherwise be almost impossible
without phase-transfer techniques. Besides, the nucleophile anion tran-
sferred into the low polarity organic solvent is almost free of water
molecules and thus their activity is increased 8518 20. This also leads
to a shortening of reaction time and/or a lowering of reaction temperature.
Due to the use of organic solvents that are usually inert and volatile,
phase-transfer technique offers a simpler workup procedure and a clean
reaction without side reactions of solvolysis, all these tends to increase
the reaction yield. Furthermore, modification of the selectivity and the
product ratio (example, 0-/C-alkylation) is found in certain examples 21-
24 Some reactions that originally were thought not to proceed in the
first instance have been found to take place with the use of phase-tran-
12 25-28sfer agents'
Because of these overwhelming factors, increasing use of the tech-
nique will be predictable. Studies to compare catalytic effectiveness of
various phase-transfer agents under various conditions are therefore
necessary to assist the selection of the best system in actual application
of the technique. It is the purpose of this work to compare the catalytic
behaviour of serveral'crown ethers through a study of reaction kinetics
of the following solid/liquid phase-transfer esterification reaction:
6C00 K CH2Br
crown ether
KBr
CHC13, 25°C
NO2 NO2
(1.5)
organicsolid organic
BenzylbromidePotassium Benzyl-p-
nitrobenzoatep-nitro-
benzoate
The effect of solvent is also included in this study.
O
C O CH
2
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SECTION TWO: LITERATURE SURVEY
2.1 Examples of phase-transfer catalysed reactions
Before the discovery of crown ethers, quarternary ammonium or phos-
phonium salts have monopolysed the field of phase-transfer techniques.
Successful applications are already found in various types of reactions,
in which some are possible only in the presence of phase-transfer agents
12,25-28 Later, due to better thermal stability and ability to solubilize
salts in organic solvents, crown ethers have immersed as a new type of
phase-transfer reagents. Among the many types of reactions, the most
widely investigated ones include dihalocarbene reactions 29530, alkylation
reactions31.32.33a.34a and simple displacement reactions31.32.33b.34b
Dihalocarbenes can be generated by phase-transfer methods in the
presence of water 29,30, convenience is thus offered in comparing to the
conventional methods 35,36, which require vigorous anhydrous conditions.
A great deal of information has accumulated about the alkylations with
simple and complicated monohalo and bishalo compounds and about the pro-
motion of C- versus 0-alkylations 33a. A carbon acid in an organic
solution which is in contact with an aqueous reservoir of caustic or
solid potassium hydroxide can be deprotonated by the base with the aid of
phase-transfer agents. It is worth noting that the quarternary ammonium
salts of relatively strong C-H acids can be isolated and then subjected t
further reactions 21-23, while more weakly acidic compounds can only be
alkylated catalytically.
In a broad sense, most displacement reactions may also be classified
8as alkylation reactions by anions other than carbanions. Phase-transfer
catalysis has been extensively applied to the Williamson ether synthesis,
and significant improvements in convenience, reaction rate and yield are
observed 33c. The system investigated in nucleophilic displacement react-
ions generally contained chloride, bromide, iodide, methanesulfonate and
p-toluenesulfonate as leaving groups, and cyanide, bromide, acetate, iodide
and thiocyanate as nucleophiles 31332,33d,34b. Of interest is the case
in which the fluoride ion, which is highly solvated in hydroxylic solvents
and shows no nucleophilicity, behaves both as a base and nucleophile when
37 38phase-transferred into an organic solvent'
The use of carboxylate ions as nucleophiles leads to esterification
reactions. As with fluoride ion, acetate ion in organic solvents has been
described as naked ion 28. The enhanced nucleophilicity and basicity give
ester products with many organic bromides 31 33e 34c, and elimination pro-
ducts are sometimes encountered 37)3 9, In fact, one of the earliest reac-
tions in phase-transfer methods is the ester formation reaction between
fatty acids and epichlorohydrin40. Hennis et al-reported in 1967 the use of
triethylamine as catalyst and sodium iodide as co-catalyst. They investi-
gated a series of esterification reactions involving acetate ion and ben-
zoate ion as nucleophiles 41, with yields ranging from 80% to 98%, depen-
ding on the alkyl halide. It was found that the catalytic activities of
amines is due to the insitu generation of quarternary ammonium salts from
the amine and alkyl halide. However, the use of quarternary ammonium
salts still remain popular in catalysing esterification reactions. Recent-
ly, the synthesis of phenacyl ester or other esters catalysed by crown
9
ethers have expanded the field by introducing solid/liquid phase-transfer
conditions 28,44-46. Workup procedures are made simpler and anhydrous
conditions are easily obtainable.
Other types of reactions include oxidation by potassium permanganate
17,47, chromate ion 48,49, hypochlorite ion 50; reduction by borohydrides51;
Wittig and Horner Reactions 52,53; deuterium exchange of active hydrogen
atoms 8; and the use of chiral catalysts to induce optically active pro-
ducts 54,55.
2.2 Crown ethers: structures and properties
2.2.1 Types of crown ethers and nomenclature
Crown ether is the general name for the macrocyclic polyethers due
to their structural similarity to a regal crown. Common crown ethers-used
in phase-transfer catalysis have -0CH2CH2- as the repeating unit in the
macrocyclic ring (Figure 2.1). IUPAC names for crown ethers (3) and (4) are
respectively 1,4,7,10,13-pentaoxacyclopentadecane and 1,4,7,10,13,16-hexa-
oxacyclooctadecane. The inconvenience arised in using these lengthy names
calls for a simpler nomenclature system, and it is Pederson, the founder
of crown ether chemistry, who provided such a system which is widely ac-
cepted nowadays 11. In his system (3) has been named 15-crown-5, represen-
ting a crown ether ring of fifteen members, in which five are oxygen atoms.
Similarly, (4) is named 18-crown-6.
10
(5)(4)(3)
(7)(6)
(9)(8)
(11)(10)
CH -(OCH CH ) -O-CH
2 2 2 n 2
n = 0,1,2,3
Figure 2.1 Structures of some macrocyclic polyether compounds
NN
O
C O (CH )2 n O
C
O
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Crown ethers with various substituent groups on the basic skeletons
(3) and (4) are also prepared 11, 56, 57 and applied to phase-transfer re-
actions. Examples are benzo-15-crown-5 (5), benzo-18-crown-6 (6), dibenzo-
18-crown-6 (7), and dicyclohexyl-18-crown-6 (8) (Figure 2. 1).
Besides these monocyclic crown ethers, compounds with two crown
ether moietieg, called bis-(crown ethers), are recently synthesized (9),
58-60(10). Furthermore, compounds containing more than two crown ether rings
are found in polymers having crown ether moieties as the pendant groups
along the chain 61, 62
Bicyclic polyethers with fused rings, classified as the cryptands,
have also been successfully prepared 63, the most widely used one being
cryptand [2,2.2) (11). Still more complicated structures are also reported,
but they are subjected to high cost and renders their use as catalysts.
2.2.2 Complexing properties of crown ethers
When Pederson accidentally synthesized dibenzo-18-crown-6 (7) in
1967, be found that the extremely low solubility of the compound in
methanol can be dramatically enhanced by the addition of sodium salts ll
This, together with the unexpectedly high yield of the synthetic reaction,
led him to the investigation of the complexing properties of crown ethers
towards metal ions.
The phenomenon of association manifested by the crown ethers appears
to be an electrostatic attraction between the cation and the negative end
of the C-0 dipole 11,64 . Evidences for the existance of these complexes 
are given by spectrometric measurements11, 65, conductometric measure­
ments 11,66 . Even stronger support comes from the isolation and X-ray
. 66-69crystallographic studies of some crown ether-metal salt complexes .
Though alkali metal ions are most frequently studied,complexation with 
alkaline earth metal ions and some transition metal ions are also ob­
served 11’70. However, a fundamental requirement for complex stability is 
to have a metal ion of size comparable to the cavity size of the crown 
ether ring 71,72. Table 2.1 gives the hole diameter of various crown ether 
moieties and the ionic diameter of some cations.
Table 2.1 Crown ether cavity sizes and ionic diameters of
some cations
-  12 -
Crown ether 
ring
Hole diameter
c f o
Cations Ionic Diameters 
in crystals (X )
14-crown-4 1.2 - 1.5 Li+ 1.36
15-crown-5 1.7 - 2.2 Na+ 1.94
18-crown-6 2.6 - 3.2 K+ 2.66
21-crown-7 3.4 - 4.3 Rb+ 2.94
Cs+ 3.34
NH + 2.86
a / 2.52
Ba2+ 2.68
* From reference 66.
Examination of the correlation between crown ether ring cavity size
and cationic size would give (14-crown-4)-Li+, (15-crown-5)-Na+ and
(18-crown-6)-K complexes to be the more stable crown ether-alkali
metal ion complexes. Support is provided by the measurement of the stab-
64,71,72
ility constants of these complexes.
In cases where the cationic size is larger than the crown ether
cavity, such as that between K+ ion and 15-crown-5 ring, there is the
possibility of formation of complex stoichiometry other than the normal
1: 1 ratio. X-ray studies in some isolated complex crystals have con-
firmed the existance of a 2: 1 complex in which a K+ ion is sandwiched
between two antiparallelly oriented benzo-15-crown-5 rings 69
2.3 Mechanism of phase-transfer catalysis tor displacement reacL WLLb
Complex formation with crown ethers has provided the metal ions a
lipophilic outer layer, giving it resemblance to quarternary ammonium
cations and thus increases the solubility in aprotic nonpolar solvents.
(Scheme 2.1)
Lipophilic exterior
(2. 1)
XK
Weak anion-solvent interactions
in organic solvents
The associated anion, which is transferred to maintain electrical neutra-
lity in the organic phase, can undergo reaction with the organic substrate.
After reaction, the cation will be paired with the displaced nucleofuge
and the catalytic cycle is completed by an anion exchange process of the
nucleofuge with the nucleophile anion in reservoir. Starks has offered a
now classic diagram of the catalytic cycle for a typical phase-transfer
8
catalysed displacement reaction (Figure 2.2)
Organic
R-Nu Phase
AqueousM 'Nu
M'X QxQ Nu Phase
Figure 2.2 Starks Phase-transfer catalytic cycle
Q represents a quarternary cation or a metal cation enveloped by crown
ether. For many lipophilic quarternary ammonium cations and most crown
ethers, the species Q+Nu will not be present in the aqueous layer at an
appreciable level, this has been shown by the use of liquid membrane
experiments 73. In such cases, anion exchange at interface will be res-
ponsible for the regeneration of Q+Nu from Q+ X. Gordon and Kutina have
provided several models for the mechanism by which the anion is transferred
into the organic phase 74. For instance, the transfer of anion at the
organic-crystalline solid interface, a system to be studied in this work,
Q+Nu R-X Q+X
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will be favored when the catalyst can interact directly on the surface of
the solid (equation 2.4).
(2.4)
solidorgsolidorg
In this aspect, crown ether is superior to quarternary salts by enabling
solid/liquid phase-transfer. The success may be attributed to two proper-
ties of the crown ethers. Firstly, the crown ether is a two dimensional
system and may assume the approximate geometry of the complex when it
approaches a crystal lattice, the movement of the cation from the lattice
to the ligand is small. While in quarternary salts, the positive nitrogen
is essentially shielded and therefore cannot approach the lattice to pull
out anions. Secondly, the electrical neutrality of the crown ethers enables
them to deposit the complexed product salt and is therefore free to com-
plex with more of the reactant salt 75. Whereas the quarternary ion is
always associated with an anionic species to be a neutral salt, thus the
above process cannot be performed. Only few cases of successful solid/
liquid phase-transfer catalysis utilizing quarternary salts have been
reported76.
Regardless of whether liquid/liquid or solid/liquid phase-transfer
processes are involved, the reactivity of the anion is enhanced in the
organic phase, since it is only solvated to a minute extent by most non-
polar solvents 28,31,37,77,78. Despite this, the anion is still in asso-
ciation with the catalyst cation and the ion-pair as a whole would be the
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dominant nucleophilic species.79 Appreciable dissociation might only be
80
found in solvets with higher dielectric constants, such as acetone
Completion of the catalytic cycle requires the nucleofuge, which is
associated with the catalyst cation after reaction, to exchange effic-
iently with the nucleophile anion. Otherwise, catalyst poisoning occurs
and the reaction will halt at some stage74. In most cases studied, the
exchange process is fast in comparing to the displacement reaction 74, so
that only catalytic amount of the agent is required for satisfactory rate
enhancements.
Finally, it is worth noting that the possibility of the micellar
catalysis mechanism, which was proposed at the early stage-of phase-trans-
fer techniques, has been ruled out by later studies 8,20. And the con-
tribution from reactions at interface has also been shown to be insigni-
9,20
ficant
2.4 General requirements for successful catalytic performance
Though phase-transfer catalysis has developed rapidly into an im-
portant branch in chemistry, most investigations are devoted to their
applications, and many of the factors governing successful phase-transfer
catalytic function have not been explored. It is however helpful to look
over some of the factors that have been accumulated in the studies in the
past years. To cope with the interest of the present work, most of'these
discussions will be directed to the use of crown ethers as catalysts.
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Undoubtedly, a complex with reasonable stability in the organic
phase will be of prime importance. The necessary conditions for the for-
mation and the factors influencing the stability of the metal ion-crown
ether complexes include 11
(1) The relative sizes of the ion and the hole in the polyether ring:
A comparable size for the two is desirable for greatest interaction
between the metal ion and the oxygen atom of the crown ether (see
section 2.2.2 for numerical data).
(2) Number of oxygen atoms in the crown ether ring:
An increase in the number of oxygen binding sites in the crown ether
facilitates the competition against solvation by solvent molecules.
However, repulsion between binding sites may occur if the number
exceeds an optimal value, this causes destabilization of the complex.
(3) Coplanarity of the oxygen atoms and symmetrical placement of oxygen
atoms in the crown ether ring:
Both of these factors are important for good electrostatic interaction
between binding sites and metal ion.
(4) Basicity of oxygen atoms:
A more basic oxygen atom donates its electrons more readily and thus
increases complex stability. The difference in basicity is a result
of different types of substituent groups on the crown ether rings.
In this regard, the oxygen atom in dicyclohexyl-18-crown-6 (8) will
be more basic than those in dibenzo-18-crown-6 (7).
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(5) Steric hindrance in polyether ring:
This decreases the stability of the complex by preventing any con-
formational changes in crown ether structure, which may be necessary
for good complexation with the ion 81.
(6) Tendency of the cation to associate with the solvent:
Complex formation is generally accompanied by a desolvation process
(Scheme 2.5) 11.
(2.5)
Therefore when-the cation is too strongly associated with the solvent,
formation of complex will not be favored.
A complex that is stable but not appreciably partitioned into the
organic phase will not function effectively as catalysts. In liquid/liquid
phase-transfer, the distribution of the catalyst-nucleophile species
between phases is influenced by a combination of many factors. The most
important ones include:
(1) The organic structure of the catalyst:
Since crown ethers are readily soluble in organic solvents of moderate
polarity (e.g. CH2C12 and benzene), this factor will be of no con-
cern for crown ethers. For quarternary salts, the partition of the
catalyst cation itself between aqueous phase and organic phase is
greatly affected by the length and size of the alkyl groups 20
Short length in the alkyl groups of the R4N+ ion will give poor
19
partition in the organic phase, while too long an alkyl chain is sub-
jected to difficult handling and is liable to cause emulsions.
(2) The nature of the associated anion:
There are two factors influencing the reactivity of the anion being
.transferred into the organic layer from the aqueous layer. Firstly,
the extent of hydration of different anions in the aqueous phase will
be depending mostly on the charge to volume ratio of the anion. The
more it is hydrated, the more difficult will be the transfer process.
Most measurements indicate that the water of hydration is also trans-
ferred 9. Secondly, anion with more organic nature gives more lipo-
philic character to the cation-anion pair and therefore facilitates
partition in the organic phase. Information in this aspect will be
important in the selection of the leaving group-in the substrate. The
partition of the nucleophile-catalyst pair must be better than the
74
nlie1 eofuge=catalyst counterpart
(3) Polarity of the organic phase:
It is known that the solubility and partition behaviour of quarternary
salts are markedly affected by even slight changes in the organic
phase, though little systematic information is available. A good sol-
vent in one system may become a poor one in another. By far, the
most commonly used solvents is methylene chloride. Presence of sol-
vating compounds such as alcohols, in organic phase tends to in-
crease extraction of salts into the organic phase 82 However, the
anion will then be complexed with these molecules.
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(4) Concentration of the inorganic salt in the aqueous phase:
A high concentration of inorganic salt in the aqueous phase helps to
salt out the organic salt and thus drive them into the organic phase.
Usually the best phase-transfer catalytic conditions are realised
when the aqueous phase is saturated with the inorganic reagent.
Solid/liquid phase-transfer is comparatively simpler because points
(1) and (4) discussed above will become unimportant here.
As the last concern on the success of catalyst performance, some
factors influencing anion activity in the organic phase will be surveyed.
Though the anion is relatively naked in the organic phase, activity-is
still limited by the association to-the cation 793183 It is therefore not
surprising that increasing the distance between cation and anion in the
ion-pair, such as by the use of a bulky cation, can increase anion activity.
This has in fact been investigated for the case of quarternary salt cata-
lysis 83. Besides, use of a suitable solvent may lead to dissociation of
the ion-pair, giving even better activity to the anion 80. On the other
hand, the aggregation of ions in the organic phase has been demonstrated
for quarternary salts in non-polar solvents 84 This tends to reduce the
activity and the effective concentration of the anion in the organic phase,
and is therefore undesirable. One last important factor is that the water
molecules, which are co-extracted with the anion into the organic phase9,
have been found to interact with the anion and decrease its activity 20'78
This problem is unavoidable in liquid/liquid-phase systems, but may be
completely eliminated by the use of solid/liquid-phase systems.
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2.5 Kinetic studies on phase-transfer reactions
Although reports on kinetic studies in phase-transfer reactions are
already limited 9920977978985-88. a comparison of results between these
works is immaterial due to the use of different catalysts and different
reaction conditions in different reactions.
Most of these investigations have been made upon displacement react-
ions using quarternary salts 9 in liquid/ liquid phase-transfer con-
ditions. These findings share the common points that the rate of reaction
is proportional to the concentration ofthe Q+Nu species in the organic
9,20phase Only a few studies have been made on solid/ liquid phase-
transfer kinetics 86,87 and none of them has been concerning with esteri-
fication reactions.
22
SECTION THREE: EXPERIMENTAL
3.1 Materials and solvents
3.1.1 Solvents
Chloroform and dichloromethane used in kinetic measurements were
of Analytical Grade (Merck, G.R.) and were further dried by refluxing
with phosphorus pentoxide overnight. These two solvents were stored over
molecular sieves (4A) after distillation.
3.1.2 Organic bromide substrates
Benzylbromide (BB) and p-methoxybenzylbromide (MBB) were used as
substrates in the reaction. Benzylbromide was commercially available
(Merck, for synthesis) and was used without further treatment.
. p-methoxybenzylbromide (12) is thermally unstable and is there-
fore prepared before use. The following synthetic pathway (Scheme 3.1)
89
was used
CH2BrCH3DimethylCH3
NBS/ bysulfate
(3.1)
CC14Ethanol
OCH3OCH3OH
(15)X14)(13)
p -methoxy to luene p-methoxybenzylbromiaep-hydroxytoluene
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p-Hydroxytoluene (p-cresol, 13), weighing 72g (0.67 mole), was dissolved in
500 ml of ethanol in a 1-litre flask fitted with a reflux condenser and
dropping funnel. A solution of potassium hydroxide (65 g in 170 ml
water) and dimethylsulfate (100 g, or 76 ml, 0.8 mole) were added in
portions over 20 minutes. The solution boiled during this mixing period
and was well stirred by magnetic stirrer. A solution of 17 g potassium
hydroxide in 33 ml water was further added and the mixture allowed to
ref lux for 4 hours. The majority of ethanol was removed and the residue
was.steam distilled. A thick oil settled when the distillate was saturated
with sodium chloride and cooled in ice bath. The oil was isolated and
extracted with ether. After drying by anhydrous calcium chloride, ether
was removed and the residue fractionated by distillation. The major port-
ion having boiling point of 176-177°C, was identified to be p-methoxy-
toluene (14) by n.m.r. (JEOL 60-HL Spectrometer).
p-Methoxytoluene (10 g, 0.082 mole) was dissolved in 500 ml
CCl4 (dried by refluxing over phosphorus pentoxide) in a 1-litre flask
equipped with a ref lux condenser. The solution was heated to boil under
N2 atmosphere, 14.6 g (0.082 mole) of N-bromosuccinamide (NBS, Merck)
were added and the solution was irradiated by a 500 W tungsten lamp. The
solution was refluxed with stirring for about half an hour, during the
time the colour of the solution changed from colorless to orange and then
to pale yellow, indicating the completion of the reaction. The solution
was cooled and the succinimde was filtered off. After removal of CCl45 the
oily residue was vacuum distilled. The fraction collected at 69-71°C,
0.1 mm, was identified by n.m.r. and i.r. (Beckman Acculab-1) to be the
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desired product (12), yield amounting to approx. 8 g. This substance de-
composes on standing at room temperature and was stored in freezer.
3.1.3 Potassium and 'sodium p-nitrobenzoates
Potassium and sodium p-nitrobenzoate were used as the nucleophiles.
They were prepared by reacting the p-nitrobenzoic acid with the correspon-
ding metal hydroxide. p-Nitrobenzoic acid (BDH Lad. reagent) was added to
a concentrated solution of the metal hydroxide which was calculated to be
in slight excess. The solution was warmed for rapid dissolution. On cool-
ing by ice-bath, metal salt of the organic acid was crystallized out. The
crystals were filtered, washed with cold water and recrystallized from
95% ethanol. The salt was colorless, plate like when crystallized from
water, and needle-shaped from ethanol.
During kinetic runs, the size of the.salts was controlled. The
salts were dried in vacuum oven and ground to fine powders. Sizes of
100 mesh and 150 mesh were obtained by use of analytical sieves.
3.1.4 Crown ethers
A total of five crown ethers were used, in which 18-crown-6 (18C6,
4) and dicyclohexyl-18-crown-6 (DCH18C6, 8) were commercially available.
The others were synthesized..
(1) 18-crown-6 and dicyclohexyl-18-crown-6
18crown-6 obtained from Aldrich Chemicals was a white waxy solid
and was further purified by crystallization from hexane. Dicyclo-
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hexyl-18-crown-6 from Aldrich Chemicals was a light yellow oil. It
was purified by eluting from a short column of acidic alumina, using
heptane as solvent. On removal of heptane from the eluent with sub-
sequent freezing of the residue, white solid cake of DCH18C6 was
obtained.
(2). 4'-methylbenzo-15-crown-5 and 4'-methylbenzo-18-crown-6
4'-methylbenzo-15-crown-5 (MB15C5, 15) and 4'-methylbenzo-18-crown-6
(MB18C6, 16) were synthesized according to procedures described by
Smid et al 62
CH3CH3
(16)(15)
(3) Bis-[3,4-(1',4',7',10',13'-pentaoxacyclopentadeca-2'-ene)-benzylj
ether
This crown ether, also named as bis-l-benzo-l5-crown-D Isis-1 DiJuJ)
was synthesized by established procedures 60 with slight modifications.
The modified pathway was represented in scheme 3.2.
4' -methylbenzo-15-crown-5 (15, 2.5 g, 0.0089 mole) was dissolved
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CH2OHCH3
GH2Br
NBS/ hv KOH/ H2O
CC14
(15) (17) (18)
(17)
(3.2)
NaH/ THE
(19)
in 600 ml of dry CC14 in a 1-litre flask. The solution was heated
to boil under N atmosphere and 1.6 g (0.0090 mole) of NBS were
2
added. It was irradiated with a 500 W tungsten lamp for half an
hour. Succinimide was.then filtered off after cooling of the solu-
tion. The CC14 solution was then concentrated at room temperature
by vacuum distillator to about 200 ml. 2.5 g of KOH in 50 ml of
water-were added and the mixture refluxed with vigorous stirring for
6 hours. After cooling, the mixture was acidified and the CC14 phase
was separated out, and was washed twice with water. The CC14 layer
was then dried with anhydrous MgSO4. When the drying agent was
filtered off, CC14 was removed and the oily residue checked by n.m.r.
CH2 O CH2
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and i.r. for the amount of (18), which was usually found to consti-.
tute about 90% of the oil. Since the remaining portion of the oil
was the starting material'(15) which would not interfere with the
subsequent reactions, compound (18) was not isolated and the oil
was dissolved in 20 ml tetrahydrofuran (THF, Merck, dried by refluxing
with potassium-sodium alloy and freshly distilled before use) in a
100-m1 flask equipped with a magnetic stirring bar, ref lux condenser
and dropping funnel. The system was flushed with nitrogen during
reaction. One g of ground sodium hydride (Fluka) was added and the
solution refluxed with stirring for half an hour. 4'-Bromomethylbenzo-
15-crown-5 (17, 3.2 g, 0.009 mole) prepared in a separate reaction
(crystallization conditions from reference 60) was dissolved in 15
ml of dried THE and added slowly into the above solution. The final
mixture was refluxed overnight.
After reaction, the mixture was cooled, filtered and acidified. THE
was removed and the oily residue dissolved in CHC13, this was washed
twice with water and dried by anhydrous MgSO4, then filtered. After
removal of CHCl 3, the desired crown ether product (19) was separated
from the residual oil by column chromatography (conditions according
to reference 60). The bis-(crown ether) recrystallized from CC14 was
white crystalline with melting point 115-116°C. Structure was checked
by n.m.r., i.r. and mass spectrometry (VG7070F). The yield for the
.final step in scheme 3.2 was 55% (cf. 30% yield reported by the use
of the unmodified synthetic pathway 60).
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3.2 Time for reaching phase-transfer equilibrium
Crown ether solutions at 10-2 M concentration were prepared as the
Stock solutions. 10 ml of these were put into a 15-m1 reaction flask
wrapped by a water jacket, through which thermostated water at 25°±0.5°C
was circulated (as shown in figure 3.1). After thermal equilibrating for
several minutes by stirring with a magnetic bar, 0.2 g of 150 mesh potas-
sium p-nitrobenzoate (KNB) were added and well stirred at constant speed
(Magnetic stirrer from Cenco, full scale 1100 r.p.m. without loading, 3/4
of this full scale was used). At intervals of half minutes initially, and
gradually increased to 5-minute intervals later, stirring was interrupted
to settle salt. An aliquot of 0.05m1 of the organic layer was withdrawn by a
microsyringe and immediately diluted to 10.0 ml to quench the phase-trans-
fer process. This diluted solution was subjected to UV measurement with a
Varian Superscan-3 Spectrometer in the range 250-300 nm.
It was found from absorbance versus time plots that in all the five
crown ethers used, the absorbance values became constant within 2 minutes
of stirring time, indicating that the phase-transfer process was fast in
the system and conditions used.
In a second investigation, the stirring speed was varied from 1/4 of
full scale to full speed of the stirrer. No significant difference was
observed on the time for the system to reach equilibrium. For later measure-
ments and kinetic runs that require stirring, the rate of 3/4 of full
scale was used throughout.
The effect of different particle sizes of KNB on the rate of pnase
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WATER BATH
REACTION FLASK
THERMOSTATED
AT 25°±0.5°C
MAGNETIC STIRRING CIRCULATORY
BAR PUMP
MAGNETIC STIRRER
Figure 3.1 The reaction flask and the set-up tor temperature control
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transfer process was checked by performing the above procedures using
KNB salt of sizes 150 mesh, 100 mesh and unground crystals. The time
required to reach a constant absorbance in using large crystals of KNB
was found to be longer, but was still within 5 minutes. No appreciable
difference was found between particle sizes of 150 mesh and 100 mesh. In
the kinetic measurements, particle size of 150 mesh was used throughout.
3.3 Extent of transferring salt into organic solvent by crown ethers
It was necessary to determine the amount of crown ether- salt com-
plexes in the organic phase for the kinetic studies. This was determined
with the help of UV measurements.
3.3.1 For 18-crown-6 and dicyclohexyl-18-crown-6
Because the UV absorption in the range 250-300 nm is due to the
absorption of the p-nitrobenzoate ion only, the concentration of the com-
plex could be measured directly as follows. In a typical measurement, 10.0
ml of a standard 10-2 M crown ether solution were stirred in the reaction
flask at 25°±0.5°C with 0.25 g of 150 mesh KNB salt. About 15 min. of stir-
ring was allowed for assurance of both thermal and phase-transfer equili-
brium. Stirring was then stopped, two 0.05 ml samples were drawn out and
diluted separately to 10.0 ml. The concentration of KNB in CHC13 layer
was calculated from the measured UV absorbance, the dilution factor and
the molar absorption coefficient (molar absorptivity) of KNB. The latter
parameter being determined by a separate measurement outlined below.
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2.0 ml solution of the UV-nonabsorbing crown ethers with concen-
trations near 10 1M was put into a 25-m1 volumetric flask equipped with
a small magnetic stirring bar. KNB salts (150 mesh)amounting to approxi-
mately 70% mole of the crown ether used, were weighed into the same flask.
Necessary washings were done with dry.CHC13. The mixture was stirred over-
night to ensure complete dissolution of salt. The magnetic bar was removed
and washed with CHC13, washings being combined with the solution in the
flask. The flask was then filled to the mark with CHC13. A series of solu-
tions with concentrations corresponding to within 2 absorbance units were
made from this solution, and the UV absorbance measured. A plot of absor-
bance against KNB concentration would give straight line of slope corres-
ponding to the molar absorptivity (emax,KNB). Other measurements were made
with KNB amount corresponding to 50% mole and 80% mole of the crown ether,
to test the reliability of the above result for cmax,KNB'
3.3.2 For 4'-methylb enzo-15-crown-5, 4'-methylbenzo-lts-crown-0 ana D1s
1-benzo-15-crown-5
These three crown ethers carried benzene ring as residues and were
therefore UV absorbing. Direct usage of the procedures described in 3.3.1
was not applicable since the UV absorbance would be the sum of the con-
tributions from the crown ether and the KNB salt. Therefore, a modified
procedure was needed and described below.
Before a measurement of KNB concentration in a crown ether solution
can be made, a knowledge of the molar absorptivity of KNB in CHC13 is re-
quired. This value was determined by a technique in which crown ether
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absorption was eliminated, giving a net KNB absorption for calculation.
From a stock solution of crown ether, several ml were put into a 50-m1
volumetric flask equipped with a magnetic stirring bar. KNB salt (150 mesh)
equivalent to 70% mole of the crown ether used was weighed into the volu-
metric flask and stirred to complete dissoltuion. After being washed, the
stirring bar was removed and the flask was filled-to the mark with CHC13.
Portions of this crown ether- KNB solution were further diluted to the
range of 10-4 M for UV measurements. Independently, the same amount of
crown ether solution from the same stock solution were diluted in exactly
the same fashion. After then, a total of two crown ether solutions were
available at the same concentration, except that in one of them, a known
amount of KNB was dissolved. During UV measurement of the crown ether-
KNB solution, the pure crown ether solution was used as the reference
solution. A spectra due solely to the absorption of KNB was obtained, from
which the molar absorptivity of KNB (cmax,KNB) at the absorption maximum
.(Xmax_KNB) was calculated.
The concentration of KNB in a crown ether solution which is in
equilibrium with excess of KNB salts was then determined. Crown ether
solutions at 10-2 M were stirred with excess of KNB salt in the reaction
flask. Aliquots of 0.05 ml were withdrawn and diluted to 10.0 ml at intervals
of 5 minutes. The concentration of KNB in this solution had been determined
by two methods:
(1) By the same technique described above, an absorption spectrum of KNB
was obtained with use of a suitably prepared crown ether solution
as the reference solution to eliminate crown ether absorption. From
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this, KNB concentration was calculated, using the known value 01
£max,KNB'
(2) The absorbance of the crown ether- KNB solution at Amax,KNB was
measured, with pure CHCl3 as reference solution. From this value, the
absorbance due to crown ether at this wavelength was subtracted
(Absorbance of crown ether= concentration of crown ether x molar
absorptivity of crown ether at this wavelength, the latter factor
being deduced by using standard crown ether solutions). The difference
then correspond to net absorption of KNB and the concentration of
KNB was calculated.
The values from these two methods agreed well with:each other with-
in experimental errors. Method (2) was used in subsequent measurements
due to its simpler procedures.
3.4 Effect of bromide ion on the extent of transferring potassium p-
t-rnhenzoate to organic phase by crown ethers
KNB (0.25 g) was stirred in the thermostated reaction flask-with
ml of a standard crown ether solution around 10-2 M. Dual samples of
10.0
0.05 ml were withdrawn separately at 5-minute intervals and diluted to
10.0 ml as before.
Potassium bromide (KBr, Analytical Grade, 0.06 g, ground) was
added and sample withdrawals were again done at 5-minute intervals. This
procedure was repeated with further addition of 0.24 g of KBr.
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All of the diluted solutions were subjected to UV measurements and
the depressions in the absorbance of KNB by the presence of bromide ions
were recorded.
3.5 Kinetic measurements
In a typical measurement, 8.0 ml of standard crown ether solution
( around 10-2 M in CHCl 3 were stirred with 0.25 g of KNB salt at 25°C
in the reaction flask. Two 0.05 ml sample were withdrawn after stirring for
10 and 20 minutes, and the extent of transfer of salt into CHC13 was de-
termined as outlined in section 3.3.
An 2.0m1 aliquot of 2.50M BB solution in CHC13 was added into the
reaction flask and timing was started along with stirring. At adequate
time intervals, depending on the rate of the reaction, stirring was inter-
rupted for about 1 minute to settle the salt, 0.05 ml sample of the CHC13
layer were withdrawn and immediately diluted to 10.0 ml to quench the
reaction.
These samples were filtered with a filtering syringe to ensure the
absence of insoluble substances. Then they were subjected to quantitative
separation by high pressure liquid chromatography (h.p.l.c.). The instru-
ment used was from Waters Associates-(Model-6000 solvent delivery system
and differential UV detector).
Instrument working conaitjLU115
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Column p-porasil
CHC13/ n-heptane( 1/8 by volume)Solvent
1.5 ml min 1
Flow-rate
Pressure 700 psi
Sample Volume 20ul
UV. 254 nm.Detector
The Recorder used was Model 28000 from Bryans Southern Instruments, input
sensitivity set at 10 mV, and chart rate being 2 mm min 1.
The peak of the product benzyl-p-nitrobenzoate (BNB) appeared with a
retention time of 3.8 minutes. Slight deviations were observed to be due
to slight changes in solvent composition in different measurements. The
heights of the peaks were measured in millimetres, and the concentration
of the product was calculated with reference to a calibration curve in-
dependently done under the same instrument condition using standard BNB
solutions.
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SECTION FOUR: RESULTS AND DISCUSSIONS
4.1 Rate equations
The reaction in this study involves a nucleophilic substitution re-
action in CHC13 at room temperature. Solid potassium p-nitrobenzoate
(KNB) is being phase-transferred into the CHC13 layer by crown ethers to
react with the substrate b enzylbromide (BB), giving benzyl-p-nitrobenzoate
(BNB) as product. The proposed mechanism for this solid/ liquid two-phase
reaction is depicted in scheme 4.1, and equations 4.2- 4.4.
BNBcrown•KBrcrown•KNBBB
Organic phase
-crown-
(CHC13)
KBrKNB (4.1)5o11a phase
crown org+ KNB solid crown•KNB org (4.2)
k
crown•KNBorg+ BBorgcrown•KBrorg+ BNB org (4.3)
crown*KBrorg crown org+ KBr solid (4.4)
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On deriving the kinetic rate equations for the system, several assump-
tions are to be made:
(I) The phase-transfer process is much faster than the nucleophilic
substitution reaction, so that the latter is rate determining.
(2) The concentration of crown•KNB complex in the organic phase is re-
latively constant, so that the reaction kinetics can be regarded
as pseudo-first-order.
(3) The complexation of crown ether with KNB is appreciably greater
than with KBr, so that the kinetics will not be influenced by the
accumulation of KBr, which is a product of the reaction.
The rate equations may then be formulated below:
Rate of formation
of product
where k obsd= pseudo-first-order rate constant
= k [crown• KNB),
since [crown KNB] is assumed to be constant.
Because there are no other side reactions, the concenttation of benzyl-
bromide [BB] at-time t should be equal to {[BB]. -[BNB]}, where [BB] o
is the initial concentration of benzylbromide, therefore,
(4.5)
d [BNB]
d t
k [BB][crown·KNB]
k
obsd [BB]
d [BNB]
d t
k
obsd
{[BB] -[BNB]}
o
Integration of equation 4.5 gives
(4.6)
(4.7)
Hence, equation 4.6 may be rewritten as
(4.8)
versus reaction time shall be a straightThus the plot of li
line with slope equal to kobsd'
It is also known that benzylbromide can undergo both SN1 and SN2
mechanisms, depending on the reaction conditions. Accordingly the rate
of formation of the product, benzyl-p-nitrobenzoate, can be written as:
(4.9)
where k1 and k2 are the rate constants for SN1 and SN2 mechanisms res-
pectively. When comparing equation 4.9 with equation 4.5, one would
obtain
(4.10)
Hence, a plot of kobsd versus [crown.KNB] should give straight lines
constant,
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with slope equal to k2. and the intercept equal to k1.
4.2 Time for reaching phase-transfer equilibrium
In order to justify assumptions (1) and (2) made in section 4.1,
the time for reaching phase-transfer equilibrium should be determined.
When excess of KNB salts of 150 mesh is stirred with crown ether
solution under conditions and concentrations similar to those used in
kinetic measurements, phase-transfer equilibrium is found to be reached
within two minutes. This is indicated by a levelling off when the UV
absorbance of the mixture is plotted against stirring time. Some of the
plots are shown in Figure 4.1 as the typical representatives in the
phase-transfer process.
The short time of reaching a constant crown•KNB complex concentration
justifies the fast transfer assumption, since most of the reaction half-
lifes in this study lie within 102 to 103 minutes, as determined later in
kinetic measurements.
The possibility of slight variations in KNB particle size and stirring
speed during different kinetic runs necessitates a further. investigation
on these factors. Except for very large particle sizes, in which the time
for equilibration increases to five minutes, a change from size of 150
mesh to 100 mesh does not cause any observable change in the two minute
equilibration time.
In this work, stirring is done by magnetic stirrer which has a stated
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Figure 4.1 Piots of absorbance versus time for the transfer of petassium
p-nitrobenzoate into Chloroform by crown ethers at 25c.
(a) Crown ether = Bis-1-benzo-15-crown-5.5.00x10-3M.
(b) Crown ether = Dicycloheryl-18-crown-6.5.04x10-3M.
Solutions suitably diluted before UV measurements.
Cell length = 1 cm.
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maximum speed of 1100 r.p.m., unloaded. Due to viscosity factors, the
actual stirring speed during reactions is not known. However, when the
speed is changed from 1/4 of full scale to full speed, time for phase-
transfer equilibrium is again within two minutes. The effect of still
lower stirring rate has not been investigated, but it is believed that
the time for reaching equilibrium will be increased.considerably at low
stirring speed. Such a study has been reported by Starks and Owens in
which the effect of stirring rate on phase-transfer catalysed cyanide dis-
placement on 1-chlorooctane was reported.9 The pseudo-first-order rate
constant of the reaction is proportional to the rate of stirring at low
stirring speeds, when the reaction rate is limited by the rate of trans-
fer of cyanide ion across phase. A constant value of the rate constant is
obtained above a certain stirring rate, indicating by then the displace-
ment process becomes rate determining.
4.3 Extent of transfer
Since the phase-transfer process is in rapid equilibrium, complexa-
tion and decomplexation will occur simultaneously, though the extent may
not be the same. It is therefore realizable that not all crown ethers
that are present in solution will be complexed with KNB. A knowledge of
the extent of transferring salts into organic phase by crown ethers will
be essential in the evaluation of kinetic data.
The extent of transfer is defined as the ratio of the complex con-
:entration [crown•KNB) over the initial concentration of the crown ether
( Ccrown) 0) at the equilibrium( (crown•KNB)/ (crown) 0). The higher the
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ratio, the better the efficiency of the crown ether to transfer salt into
the organic layer is. The maximum extent of transfer is 100%, implying
that every crown ether molecule is complexed with the salt, resulting in
a maximum transfer efficiency.
This extent of transfer is determined by analysing a crown ether so-
lution that is in equilibrium with excess of KNB salt for the amount of
dissolved KNB. The UV absorbing property of KNB is utilized in the procedure.
Results are tabulated in Table 4.1. (Values of absorption maximum and molar
absorptivities of crown ethers and their complexes with salts are given in
Appendix A).
Cable 4.1 The extent of transferring KNB into Chloroform by crown
ethers at 250C.
Concentration range ofExtent of transf eYCrown ethers
crown ether ((crown), X 10 M
n
0.50- 5.000.9518C6
0.95 0.60- 5.00MB18C6
0.50- 6.000.95DCH18C6
0.13- 2.251.0Bis-1-B15C5
0.50*- 8.000.45MB15C5
Refer to section three for the structures-of the crown ethers.
* Value not constant over the range studied, see text for furthe]
discussions.
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Determination of these values for 4'-methylbenzo-18-crown-6 (MB18C6),
4'-methylbenzo-15-crown-5 (MB15C5) and bis-l-benzo-15-crown-5 (bis-1-B15C5)
are complicated by the UV absorption of these crown ethers. A method
given in section 3.3.2 is used to eliminate the crown ether absorption,
on assuming that the UV spectral character of the crown ethers are un-
changed in the complexation process. The UV spectra of crown ethers are
actually changed on complexation, as examined by Pederson. 11 He reported
the appearance of a second peak at a longer wavelength than the characteri-
stic main peak of the crown ethers.-Fortunately, both the position and
the intensity of the main peak is unaltered on complexation, so that the
contribution of the crown ether to UV absorption of the complex can be
cancelled with the use of a suitable crown ether solution as the reference
solution in UV measurements. In this way, UV spectra of KNB in the com-
plex can be obtained, enabling the determination of KNB concentration in
CHC13 layer, and leading to a calculation of the extent of transferring
KNB to the organic. solvents by crown ethers.
In the absence of a crown ether, stirring the KNB salt with dry CHCl3
for one day gives no detectable KNB in the CHC13 layer, as examined by UV
measurements. Addition of crown ethers bearing the 18-crown-6 moiety, that
are,. 18C6, MB18C6 and DCH18C6, gives rise to 95% extent of transfer. For
bis-1-B15C5, the extent of transfer is up to 100%. Such high extent of
transfer may be attributable to the good fitness of size between crown
cavity and the cation, and the absence of water molecules.to compete with
cation solvation. Furthermore, the polarizability of the p-nitrobenzoate
ion may also be a contributing factor.
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The extent of transferring KNB to CHCl3 by MB15C5 is only 45%, and
this value is found to decrease with increasing crown ether concentrations,
until a value of about 30% is reached at MB15C5 concentration near 7x10-2M.
Besides, this extent of transfer at such high crowrL ether conc, is found
to be fluctuating. For these reasons, only the relatively constant value
of 45% found at lower crown ether concentrations is listed and used.
The abnormal complexing behaviour of MB15C5 towards KNB will cer-
tainly have influence on the kinetics of the displacement reaction. A
further discussion on these will therefore be deferred to the section on
kinetic results.
4.4 Ettect or potassium bromide on the extent of transfarring KNB by
crown ethers
Potassium bromide, being one of the products, will accumulate during
the reaction. Its competition with KNB to complex with the crown ether
will surely affect the linearity of the pseudo-first-order kinetics.
Hence it is necessary to examine its effect on the transfer of KNB by
crown ethers.
In this investigation, KBr equivalent to that produced in the kinetic
reaction at about 10% conversion is added to a crown ether solution
already in equilibrium with KNB. Since KBr does not absorb in the range
of 250- 300 nm, any change in the concentration of KNB in CHC13 will be
reflected by a change in the UV absorption in this range. UV measurements
45
show no significant change in the UV absorption, implying that KNB
concentration in CHCL3 is relatively unaffected by the presence of KBr.
Similar implications are obtained even when the added KBr is increased
five times. This is expected, becasue the activity of solids is unity by
definition, and will be independent of the amount of solid present, so
long that it is in excess. The negligible effect of KBr on the crown-
KNB complex is also revealed by the good linearity of the pseudo-first-.
order plots that appear in section 4.5.1.
The incomp etib ility of KBr to KNB in complexing with crown ethers
may presumably be attributed to a combination of polarizability and lipo-
philicity factors of the anions. Hence, the effect of KBr on the transfer
of KNB to CHCl, will be neglected.
4.5 Kinetic Results
4.5.1 Pseudo-first-order 'kinetic plots
In the kinetic measurements, both thermal and phase-transfer equili-
brium are achieved by stirring the crown ether solution with KNB before
benzylbromide is added. The dilution factor that accompanies the addition
of the substrate in solution form is small, since the added solution is at
high concentration. Thus it is assumed that phase-transfer. equilibrium can
be reached rapidly after the addition of benzylbromide solution. The extent
of the reaction is monitored by h.p.l.c. Filtration of samples is generally
not necessary as the salts that are co-withdrawn out will settle on standing
Under conditions stated in section 3.5, clear separation of the product
BNB peak from the substrate BB peak is observed, though the latter is over-
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lapped with the peak due to the impurities in CHC13. A typical h.p.l.c.
chromatogram is given in Appendix B.
Since the measurements of small changes on the high benzylbromide
oncentration will be subjected to poor precision, only the change on BNB
concentration is monitored during the kinetic runs. For convenience, peak
height instead of peak area is measured for calculation purpose. This is
possible since the peaks are relatively sharp. Practically, correlation
coefficient better than 0.999 are obtained when the instrument is cali-
brated by standard BNB solutions, by using peak height measurements. Small
drifts in calibration curves may be due to slight variations in the compo-
sition'. of the eluting solvent, or to the instrument after prolonged us-
age. It is therefore necessary to calibrate the instrument every time be-
fore use. The possibility of variations in BNB concentration while stand-
ing in the diluted sample solution is ruled out by the reproducibility of
the calculated BNB concentration on the same sample, measured at intervals
of serveral hours under the same instrument conditions.
Results of k,, for various crown ethers in airrerent conceilLLaL
ions are tabulated in Appendix C-I Conversion has all been limited to
versus time are fitted by least
within 20%. Plots of
cn11arP mpthnd_ and they give straight lines of correlation coerrlclent
better than 0.997 When extrapolated to zero reaction time, gooa corres
is observed within ex-pondence to the value of in
perimental errors. Typical plots are shown in figure 4.2. The rest of the
plots are presented in Appendix D-I.
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(a)
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400300200100
Reaction time (minutes)
versus reaction time,Figure 4.2 Typical plots of
for reaction-4.1 catalysed by MB18C6, at 25C.
[BB]0= 0.503 M. KNB salts used= 0.25 g,
Crown ether concentration= (a) 1.00X10-/- M, (b) 2.00X10 LM,
(c) 3.00x10-2M, (d) 4.00x10-2M.
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Just to show the power of crown ethers as catalysts, a control
reaction is set with pure CHC13 replacing the crown ether solution. After
stirring for 12 hours to 60 hours, no BNB is detected. Thus, complication
of the kinetics by reaction at zero crown concentration can be neglected.
4.5.2 First and Second Order Rate Constants
The first order and second order rate constants as described in
equation 4.10 are obtained from kobsd versus [crown'KNB) plots, the lat-
ter being calculated by multiplying the crown ether concentration with
the extent of transfer previously obtained.
During measurements of kobsd' the amount of KNB salt has been in-
tentionally kept small, so that withdrawal of sample can be easier. The
amount used generally constitute only 25% to 50% of the substrate used.
This small value does not affect the kinetics, if the extent of conver-
sion is kept below 20%, since solid KNB has unit activity, which remains
the same so long as it is in excess. This is justified by the good strai-
ght line relationship in the kobsd versus [crown•KNB] plot, with points
obtained using different initial BB concentration, good adherence to a
straight line in the same plot is also observed, revealing the independ-
ence of Kobsd on {BB}o
Plots of kobsd versus the complexed salt concentration (crown•KNB)
are shown in figure 4.3. A linear relationship between kobsd and [crown.
KNB) is observed for all crown ethers used except MB15C5. The intercepts
are very much closed to zero and therefore the SN1 rate constants k1 are
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10
0
0 1 2 3 4 5 6
Figure 4.3 Plots of kobsd versus [crown•KNB] for reaction 4.1 catalysed
by various crown ethers at 25°C.
Crown ether= 18C6 (0), MB18C6 (0), DCH18C6 (0)
bis-1-B15C5 (0), MB15C5 (A).
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not reported here. The values of the SN2 rate constants k2 evaluated
from these plots are tabulated in Table 4.2.
The small SN1 rate constants under these reaction conditions are
expected since in solvent of such low polarity (E= 4.81 for CHC13 at
20°C), the dissociation of benzylbromide, giving a benzylic cation for
SN1 attack, is highly unfavorable. The introduction of a methoxy funct-
ion at para-position of the substrate to' stabilize the benzylic cation,
or the change to a more polar solvent CH2C12 (E= 9.08 for CH2C12 at
20°C), as will be investigated later, cannot promote the SN1 pathway in
competing with SN2 mechanism. It is thus safe to exclude the contribut-
ion of ki to the overall rate constant.
For the 18-crown-6 family (18C6, MB18C6 and DCH18C6), 1:1 complex-
es are formed with potassium ion 11. The SN2 rate constants catalyzed by
these crown ethers are found to be quite close to each other, with that
of DCH18C6 slightly greater. The difference is believed to be due to a
difference in the activity of the anion in association with the crown-
complexed cation. The use of a more bulky quarternary salt as phase-trans
fer catalyst to increase cation-anion distance has been reported to pro-
mote anion activity in nucleophilic substitution reactions 83 It is there
fore legitimate to expect the existance of such phenomenon in the use of
crown ethers as catalysts. The two isomers of DCH18C6 have been studied
by X-ray crystallography in the crystalline state to have the conformat-
ions given in figure 4.4 68.
These two isomers of DCH18C6 differ slightly in their physical pro-
perties as well as in stability and extraction constants in phase-transfer
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Table 4.2 Second order rate constants (k2) for the reaction between potassium
p-nitrobenzoate and benzylbromide (reaction 4.1) catalysed by crown
ethers in CHC13 at 25°C.
Crown ethers
k 2 x 102, Range of crown ether
(l.mol- 1 min- 1) concentration, x10 2 ,M.
18C6 1.30 0.50- 5.00
MB18C6 1.13 0.60- 5.00
DCH18C6 1.84 0.50- 6.00
bis-1-B15C5 9.66 0.13- 2.25
MB15C5 3.15 0.50- 8.00
MB15C5 0.141 1.00- 7.00
A curved kobsd versus [crown·KNB) plot is obtained, value of k2 represents
that at low (crown. KNB].
Sodium p-nitrobenzoate replacing potassium p-nitrobenzoate as the nucleo-
phile.
-  42 -
ratio, the better the efficiency of the crown ether to transfer salt into 
the organic layer is. The maximum extent of transfer is 100 %, implying 
that every crown ether molecule is complexed with the salt, resulting in 
a maximum transfer efficiency.
This extent of transfer is determined by analysing a crown ether so­
lution that is in equilibrium with excess of KNB salt for the amount of 
dissolved KNB. The UV absorbing property of KNB is utilized in the procedure.
Results are tabulated in Table 4.1.(Values of absorption maximum and molar 
absorptivities of crown ethers and their complexes with salts are given in 
Appendix A).
Table 4.1 The extent of transferring KNB into Chloroform by crown •
p.fhprs af 25°C.
Crown ethers Extent of transfer Concentration range of 2crown ether ([crown] ),xl0rM
18C6 0.95 0.50 - 5.00
MB18C6 0.95 0.60 - 5.00
DCH18C6 0.95 0.50 - 6.00
Bis-l-B15C5 1.0 0.13 - 2.25
MB15C5 *0.45 0.50 - 8.00
Refer to section three for the structures of the crown ethers.
* Value not constant over the 
discussions.
range studied, see text for further
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tion maximum of the crown ether-picrate complexes are shown in Table 4.3.
The absorption maxima Xm for 18C6 and MB18C6 are found to be the same,
both being 365nm. This value has been identified to be arised from picrate
ions which are ion-paired with the crown-cation in a tight fashion 90.
While the 370nm value for DCH18C6•KPi complex suggests an ion-pair whose
cation-anion interaction is smaller than those of 18C6•KPi or MB18C6•KPi
complex. It is in this way that k2 for the reaction is greater when catal-
vsed by DCH18C6 than by 18C6 or MB18C6,
The picrate absorption measurements have provided evidence for the
formation of 1:1 complexes of the above crown ethers with K+ ion 58,90,91
However, for bis-l-B15C5, the much higher A of the picrate complex has
m
been shown to involve loose type ion-pair 90. The K+ ion in these type of
2:1 complex (crown ring: cation) has been suggested to be sandwiched be-
90
tween the two crown rings of the bis- (crown ethers). (Scheme 4.11)
PiK (4.11)
picrate anion beingcrown ether rings
separated from theof bis-1-15C5
cation by crown ether
rings.
(Sizes not to scale)
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Table 4.3 Absorption maxima (am KPi) of potassium pi-
crates in complexing with crown ethers in CHC13
at 25°C.
xm KP., nm.Crown ethers
36518C6
365MB15C5
370DCH18C6
380bis-1-B15C5
365, 379MB15C5
Concentrations around 10 M are used. Suitable dilutions
are made before absorption measurements.
Obtained when excess of crown ether is added.
Table 4.6 Absorption maxima (Xm,KPi) of potassium picraLe5
in complexin with crown ethers in CH,Cl.) at 25'C.
nm,c:rnwn ethers A m,KPi'
369MB18C6
375DCH18C6
380bis-1-B15C5
Concentrations around lu M are used. DulLdULC U11UL1V11C)
are made before absorption measurements.
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By the same token, anion activity in this type of ion-pair should be
higher than that in tight ion-pairs. This is indeed observed. The high-
est k2 values by using bis-1-B15C5 as phase-transfer agent is recorded.
Peculiar results are observed when the reaction is catalysed by
MB15C5. In view of stability and extraction constants, MB15C5 should not
be a good phase-transferring agent for potassium salts. However, the
kinetic results show that k2 for the reaction is greater using MB15C5 as
catalyst than using 18-crown-6 families which have been believed to be
more effective. Besides, the k2 value for MB15C5 catalysed reaction in-
creases non-linearly with increase in crown ether concentration. The exist-
ance of-a species that has higher activity, and that become more effective
and/or more abundant at higher crown ether concentrations, is suggested.
Recalling that in the picrate measurements, a A m of 379 nm is obtained
when excess of MB15C5 is added. No such phenomenon is observed with other
crown ethers. This value of A should correspond to.a crown-separated ion-
m
pair, as in bis-1-B15C5. The potential of forming such complexes with
MB15C5 could be the reason that gives the greater k2 value. Consider the
equilibria in equations 4.12 and 4.13, it is realizable that a 2:1 complex
can be formed with MB15C5, especially with the fact that the 1:1 complex
is not very stable. The presence of crown-separated ion-pairs results in
greater activity and thus a larger k2 value. Moreover, equilibrium 4.13
will be favored at high crown ether concentrations, hence, the curved nat-
ure of the kobsd versus [crown•KNB] plots is expected.
The shifts of the absorption maximum of p-nitrobenzoate anion (Am)
due to the different extent of ion-pair separation should have been ob-
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K1
KNB NBK (4.12)
solid
MB15C5
K2
NBKNBK (4.13)
MB15C5
(Sizes not to scale)
served. However, the shift is not observable for this anion. This may be
due to the inherent insensitivity of the p-nitrobenzoate anion absorption
towards a change in environment, or that the broad nature of the p-nitro-
benzoate absorption peak does not allow a clear observation for such
shifts.
The effect of the ion-pair separation on the reactivity of the
anion can be further visualized in the case of reaction between sodium p-
nitrobenzoate (NaNB) and benzylbromide catalysed by MB15C5. MB15C5 is found
to complex with sodium p-nitrobenzoate to an extent of only 60%. This is
probably due to the lower stability of the (15-crown-5)-Na complex 76.
Again, using the picrate anion absorption as the indicator, the sodium salt
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gives a Xm of 356 run when complexed with MB15C5 in CHC13, and the formation
of crown-separated ion-pairs as described in equation 4.13 is not observed.
Instead, a tight ion-paired 1:1 complex is observed. The lower absorption
maximum at 356 nm suggests a shorter inter-ionic separation. The formation
of such tight ion-pair for the MB15C5 and NaNB complex is therefore expect-
ed. This decrease in ion-pair separation should lead to the lower reacti-
vity of the corresponding anion. This is indeed the case. In using NaNB as
nucleophile under the same reaction conditions, the k2 values so obtained
is an order of magnitude smaller than that when KNB is used, being 1.4x10-3
1-mol-1 min 1AnDendix C-II).
4.5.3 Probability of free ion nucleophilic attack
Though the SN2 ion-pair reaction mechanism is obvious, other mech-
anisms may also be possible. In certain solvents such as acetone and-nitro-
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benzene, quarternary salts are found to show significant ionizations
The dissociated anion could probably take part in reaction. Based on the
dependence of anion activity on the cation influence, the dissociated an-
ion should have much greater activity than the ion-pairs, provided that the
solvation on the anion by solvents molecules remains comparable. Evidence
for such free ion attack for SN2 reactions has not been reported, but simi-
lar situation has been observed in the anionic polymerization reactions.
An attempt is therefore made to examine this possibility.
Regarding the second order rate constant, k2, as being consist of
ion-pair attack (k,) and free ion attack (k,.), as shown in equations 4.14-
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Ion-pair
attack
CH Br
2
COO ,K·crown
k
i
NO 2
NO
2
CH
2
0 C
O
(4.14)
Free ion
attack
CH Br
2
COO
NO
2
k
f
CH 2
O C
O
NO
2
(4.15)
Dissociation
COO ,K.crown
K
d
NO
2
(1 - x)
COO
NO
2
(x)
K·crown (4.16)
(x)
4.17, where K being the dissociation constant of the ion-pair, and x
d
being the degree of dissociation
k can be expressed as
2
k = k (1 - x) + k x
2 i f
= k + (k - k )x
i f i
(4.17)
Since
K d
x [crown. KNB]2 2
[crown·KNB](1-x)
x [crown·KNB]
2
when x o
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then
(4.18)
Substituting this value into equation 4.17, one would obtain
(4. 19)
For the pseudo-first-order rate constant k,%I-%c2rl as described before,
(4.10)
the second order rate constant can be again expressed as
(4.20)
provided that k1 is very much closed to zero. bUDSLILUL1t1 egUaLiU11
into 4.19, the relationship between kobsd and [crown•KNBI is set as
(4.21)
Because ki, kf and Kd are constants for a given system, a plot oz
(kobsd/ [crown•KNB]) versus [crown•KNB] 2 should give straight lines,
if both ion-pair and free ions are simultaneously reacting with benzyl-
bromide.
Of the five crown ethers, bis-1-B15C5 will be the one that is most
promising in favoring dissociations. Therefore, data for this crown ether
will be taken for the plot. The insignificance of free-ion attack is re-
[crown.KNB]
[crown.KNB]
[crown.KNB]
Kobsd
[crown.KNB]
Kobsd
[crown.KNB]
Kd
[crown.KNB]
0.10
0.05
0.00
0 10 20 30
[crown.KNB]
Figure 4.5 Plot of(kobsd/[crown.KNB]) versus [crown.KNB]-
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flected by the curved nature of this plot (Figure 4.5, values for the plot
listed in Appendix E), The absence of such mechanism in using other crown
ethers is inferred, since these crown ethers will be less effective than
bis-1-B15C5 in dissociating the ion-paired complexes.
The above conclusion is in fact expected. In solvents of such low
polarity, the dissociation into free ions is highly unfavorable, as in the
case of (Benzo-18-crown-6)- Potassium picrate complex in CHC1, 1.9
4.5.4 Effect of change in solvent polarity
The effect of a change in solvent polarity is studied through the
use of CH2C12 instead of CHC13. The dielectric constants e of CHC13 and
CH2C12 at 20°C are 4.81 and 9.08 respectively. Normally, in an SN2 mech-
anism involving ionic attack, a decrease in rate should be observed when
the polarity of the reacting medium is increased. In a more polar solvent,
the charged reactant will be more stabilized by solvation than the SN2
intermediates which has its charge more dispersed. This gives rise to an
increase in activation energy and a decrease in reaction rate. In the
kinetic measurement of a reaction using p-methoxybenzylbromide (MBB) as
substrate and CHC13 as solvent, k2 values are found to be higher than
those run in CHC13, at least in the case of catalysis by DCH18C6 (Tables
4.4 and 4.5)
Studies in crown-potassium picrate absorption in CH2Cl2 show that
for DCH18C6. A has shifted from 370 run in CHC1, to 375 nm in CH2Cl,
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Table 4.4 Extent of transferring potassium p-nitrobenzoate
salts into CHCl, by crown ethers at 25°C.
Crown ethers Extent of transfer
0.90MB18C6
0.90DCH18C6
nnbis-1-B15C5
Concentrations around 10-L are used
Table 4.5 Second order rate constants (k2) for the reaction
between potassium p-nitrobenzoate and p-methoxy-
benzylbromide at 25°C, catalysed by crown ethers.
k2 102, l.mol-1min-1.
Crown ethers
CH2Cl2CHC13
18.3MB18C6
29.48.40DCH18C6
61.0bis-1-B15C5
From plots of kobsd versus [crown.KNB}
(Appendix C -III, C -IV)
63
(Table 4.6, on p.54). Such change has been proposed to be originated by
a change in cation influence on the picrate ion, rather than by a change
of solvent 90. Recalling the discussions in section 4.5.2, the rate en-
hancement in increasing solvent polarity will be attributed to the exist-
ance of ion-pairs in which the anion is less influenced by the cation.
Probably, the higher dielectric constant of CH2C12 helps to increase charge
separation between ion-pairs, giving greater freedom to the anion for
nucleophilic attack.
It is again found that the relative trend of effectiveness of these
crown ethers as phase-transfer catalysts in CH2Cl2 is the same as in CHC13,
namely bis-1-B15C5 DCH18C6 MB18C6, though the difference between
them hac been reduced in CH2C12
As a last point concerning the effect of solvent, comparison of re-
suits from other workers is made. The same reaction has been done in a
water/ CH2C12 system, using DCH18C6 as catalyst, KNB as nucleophile and
BB as substrate 88. It was reported that kI 1 and k 2 values for the reaction
at 250C were 1.0x10 -5 min 1 and 8.2x10 3 l.mol 1 min 1 respectively.
Though run in CH2C12, the k2 value is considerably smaller than that obtained
in CHCl 3 under solid / liquid system,(k 2= 1.84x10 2 l.mol-1min- 1). Pro-
bably, the water molecules that are co-extracted 9 into the organic phase
hinder the anion activity by non-bonding interactions 20985. In fact, cry-
stal structure study has revealed the involvement of water molecules in
interacting with the bromide ion in the crown ether- sodium bromide com-
plex 687
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Figure 4.6 Plots of kobsd versus [crown.KNBJ for the reaction between
KNB and MBB in CH2Cl2 at 25°C, catalysed by crown ethers.
(Data from Appendix C-IV)
Crown ether= MB18C6(), DCH18C6 (0), bis-1-B15C5().
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4.5.5 Effect of increasing substrate lability
It is intended that through the incorporation of a methoxy function
into the para-position of benzylbromide, the benzylic carbonium ion can be
more stabilized, so that the SN1 rate constant may be raised to an observa-
ble level. The results are given in Table 4.5 and Figure 4.6.
From the results, rate enhancement is observed in comparing with
the reaction using benzylbromide as substrate. However, intercepts are
again. approaching zero, indicating the incompetiveness of SN1 to SN2
mechanism under the reaction conditions.
4.6 Conclusions
From the above discussions, the kinetic results for the reaction
suggest that an SN2 mechanism is operating, and that ion-pairs instead of
free ion are the attacking species.
The effectiveness of the crown ethers used in catalysing the reaction
c frond to follow the order
bis-1-B15C5 > DCH18C6 > 18C6 > MB18C6
MB15C5 is not included due to its abnormal behaviour. The difference in
the effectiveness can be explained by the degree of separation in the ion-
pair complexes. The more separation in the ion-pair complex, the weaker
the interaction between the cation and anion is, and therefore the nucleo-
philicity of the anion is increased.
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Though the use of b is-(crown ethers) would reduce the reaction time
in comparing to the use of other crown ethers, it is suffered from the
drawback of difficult preparation and high cost. Preferred use of it will
therefore only be found when a good recovering procedure is available.
Apparently, a higher k2 value can also be achieved by using MB15C5 as the
phase-transfer agent, but a large amount of it has to be used. In view of
these factors, the use of the 18-crown-6 families will remain promising.
When the solvent is changed from CHC13 to CH2Cl2, rate enhancement is
observed, being again due to a weakening of cation-anion interaction. Hence
the use of a suitable solvent can also help to reduce the reation time.
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APPENDIX A
The UV absorption maxima and molar absorptivities of crown ethers and their complexes
with potassium p-nitrobenzoate.
(I) In chloroform solutions :
Crown ethers
18C6 MB18C6 DCH18C6 bis-1-B15C5 MB15C5
Cr Nil 282 Nil 282 282
Cr
x10 -3 2.63 6.27 2.77
KNB Cr
x10 -3 2.22 5.20 2.29
KNB
274 274 274 274 274
KNB
x10 -3 9.47 9.58 9.85 9.03 6.62,9.72
Negligibly small
Value for sodium p-nitrobenzoate complex
Cr
KNB
Cr
KNB
KNB Cr
Absorption maximum for crown ethers, nm
Absorption maximum for KNB in complexing with crown ether, nm
Molar absorptivity of crown ether at
Cr
M
-1
cm
-1
Molar absorptivity of KNB in complex
Molar absorptivity of crown ether at
at
KNB
M
-1
cm
-1
KNB
M
-1
cm
-1
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(II) In methylene chloride solutions :
Crown ethers
MB18C6 DCH18C6 bis-1-B15C5
282
2.86
2.36
Nil 282
6.81
5.65
275
10.0
275
9.64
275
9.00
Symbols and conventions as in (I).
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APPENDIX B
A typical high pressure liquid chromatogram of samples from kinetic measure-
ments.
Marker
for
sample
injection
Benzylbromide
peak
overlapped
with
the
peak
due
to
impurities
in
CH13,height
decreasing
with
time.
Product
benzyl-p-nitrobenzoate
peak,
height
increasing
ith
react on
time.
Reaction time (min.) 20 50 80
115
144 177 212
Reaction conditions : [BB]=0.500 M,[DCH18C6] = 4.00 x 10-2M,
0.25 g of 150 mesh KNB used,reaction at 25C
Instrument conditions: As stated in section 3.5
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APPENDIX C
Reaction conditions and pseudo-first-order rate constants (kobsd) for
various kinetic runs.
Reactions:
(I)
(II)
(III)
(IV)
Meanings of the abbreviations and terms used in the tables:
[BB]0, [MBB] 0: Initial concentrations of benzylbromide and p-methoxy-
benzylbromide respectively.
(crown·KNB], [crown·NaNB]. concentrations of crown ether-KNB and crown
ether-NaNB complexes in the organic phase, calculated from the
product of crown ether concentration and the extent of trans-
fer (p. 42 62).
KNBs, NaNBs: The weights of salts of KNB and NaNB used during reaction.
versusCorrelation coefficient: That obtained in the
time plots.
Conversion: The maximum % conversion or the reaction tnat nas peen at-
tained in the kinetic runs. Calculated on the basis of the
amount of product formed to the total amount of substrate used.
ln
1
[BB] -[BNB]
0
BB + crown·KNB
CHC1
3
25°C
BNB + crown·KBr
BB + crown·NaNB
CHC1
3
25°C
BNB + crown·NaBr
MBB + crown·KNB
CHC1
3
25°C
MBNB + crown·KBr
MBB + crown·KNB
CH C1
2 2
25°C
MBNB + crown·KBr
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(Crown] (BB) 0
k
obsd [crown.KNB] KNB s
Correlation Conversion
(10-2 M) (M) (10-4 min-1) ( 10-2 m) (g) Coefficient ( % )
(I) (a) Crown ether= 18C6
0.48 0.481 0.69 0.46 0.15 0.999 0.9
1.00 0.506 1.24 0.95 0.15 1.000 4.5
3.00 0.253 3.63 2.85 0.10 1.000 5.7
5.00 0.252 6.17 4.75 0.20 1.000 6.0
(b) Crown ether= MB18C6
1.00 0.503 0.98 0.95 0.25 1.000 3,6
2.00 0.503 1.92 1.92 0.25 1.000 6.3
3.00 0.503 3.09 2.88 0.25 1.000 9.7
4.00 0.503 4.27 3.80 0.25 1.000 11.0
(c) Crown ether= DCH18C6
0.50 0.500 1.08 0.48 0.25 1.000 3.8
1.00 0.500 2.19 0.95 0.25 1.000 10.8
2.00 0.500 4.25 1.90 0.25 1.000 16.4
2.52 0.490 5.23 2.39 1.00 0.999 15.0
3.50 0.500 6.87 3.33 0.25 1.000 10.6
(To be continued next page)
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(crown] CBB] o k obsd
(crown•KNB] KNB
s
Correlation Conversion
(10-2M) (M) (10 4 min 1) (10-2 M) (g) Coefficient ( % )
(continued)
4.00 0.500 7.45 3.80 0.25 1.000 7.6
4.50 0.500 8.49 4.28 0.25 1.000 10.9
5.00 0.500 9.83 4.75 0.25 1.000 16.8
6.00 0.500 10.8 5.70 0.25 0.999 17.0
(d) Crown ether= bis-1-B15C5
0.13 0.501 1.16 0.13 0.25 1.000 4.8
0.30 0.501 2.85 0.30 0.25 1.000 10.1
0.50 0.501 5.38 0.50 0.25 1.000 7.5
0.80 0.501 7.28 0.80 0.25 0.999 5.0
1.20 0.501 11.1 1.20 0.25 0.999 5.5
1.35 0.501 13.5 1.35 0.25 0.999 9.5
1.50 0.501 15.8 1.50 0.25 1.000 10.4
1.80 0.501 17.5 1.80 0.25 1.000 8.3
2.25 0.248 20.4 2.25 0.25 0.999 9.6
(e) Crown ether= MB15C5
0.50 0.505 0.53 0.23 0.25 0.998 2.6
2.00 0.505 3.18 0.90 0.25 0.996 3.2
(To be continued next page)
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[crown] [BB] kobsd [crown.KNB] KNBs
Correlation Conversion
(10-2M) (M (10-4min-1) (10-2M) (g) Coefficient ( % )
(Continued)
3.00
5.00
6.00
8.00
0.505
0.505
0.505
0.503
4.21
7.78
10.4
19.7
1.35
2.25
2.70
3.60
0.25
0.25
0.25
0.25
1.000
0.999
0.999
1.000
6.3
6.1
9.9
12.6
[crown]
(10-2M)
[BB]
(M)
kobsd
(10-4 min-1)
[crown.NaNB]
(10-2 M)
NaNBs
(g)
Correlation
Coefficient
Conversion
( % )
(II) Crown ether = MB15C5
1.00
3.00
5.00
7.00
0.505
0.505
0.503
0.503
0.08
0.25
0.43
0.66
0.60
1.80
3.00
4.20
0.25
0.25
0.25
0.25
1.000
1.000
1.000
1.000
0.5
0.9
2.3
2.7
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[crown] [MBB]
o
k
obsd
[crown•KNB] KNB
s
Correlation Conversio
(10-2 M) (M) (10-4 min -1) (10-2 M) (g) Coefficient ( % )
(III) Crown ether= DCH18C6
0.10 0.250 1.04 0.10 0.25 0.999 4.3
0.20 0.250 1.76 0.19 0.25 0.999 4.9
0.50 0.250 4.93 0.48 0.25 1.000 4.9
1.00 0.250 9.45 0.95 0.25 0.996 10.4
1.50 0.250 12.0 1.43 0.25 1.000 8.1
1.70 0.250 14.1 1.62 0.25 0.999 9.8
2.00 0.250 16.2 1.90 0.25 1.000 9.7
2.51 0.250 19.1 2.38 0.25 0.999 10.5
(IV) (a) Crown ether= MB18C6
0.10 0.251 1.23 0.09 0.25 1.000 4.5
0.40 0.251 6.10 0.36 0.25 1.000 20.5
0.80 0.251 11.8 0.72 0.25 1.000 11.0
1.00 0.126 16.6 0.90 0.25 0.999 11.3
1.20 0.125 20.9 1.08 0.25 1.000 14.6
1.40 0.126 23.9 1.26 0.25 0.998 17.4
1.60 0.251 26.8 1.44 0.25 0.999 17.3
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(crown) (MBB] o
k
obsd [crown•KNB]
KNB
s
Correlation Conversion
(10-2 M) (M) (10-4 min 1) (10 2 M) (g) Coefficient ( % )
(b) Crown ether= DCH18C6
0.10 0.250 2.87 0.09 0.25 1.000 8.1
0.20 0.250 5.57 0.18 0.25 1.000 11.3
0.30 0.250 9.28 0.27 0.25 1.000 12.5
0.50 0.250 14.7 0.45 0.25 0.999 8.5
0.70 0.250 19.4 0.63 0.25 0.999 12.0
1.00 0.250 25.9 0.90 0.25 0.999 17.5
1.20 0.250 31.1 1.08 0.25 0.998 12.0
1.50 0.250 37.0 1.35 0.25 0.998 14.3
(c) Crown ether= b is-1-B15C5
0.03 0.178 0.49 0.03 0.25 0.999 1.7
0.06 0.178 2.05 0.06 0.25 1.000 8.2
0.09 0.178 4.83 0.09 0.25 1.000 9.8
0.21 0.178 13.7 0.21 0.25 0.999 9.7
0.36 0.178 21.8 0.36 0.25 1.000 10.9
0.45 0.178 29.3 0.45 0.25 1.000 11.4
0.60 0.178 37.9 0.60 0.25 0.999 12.0
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APPENDIX D
Kinetic plots for the esterification reaction catalysed by crown ethers
under different reaction conditions. For the sake of clarity and simpli-
city, only those sets of data having points of the same initial substrate
concentration are taken for the plots (See Appendix C).
versus time for the reaction(I) Plots of
(1.) Crown ether= MB18C6
Presented in Figure 4.2 (p.47)
(2) Crown ether= DCH18C6
0.90
(g)
(f)
(c)
(d)
(e)
0.80
(b)
(a)
0.70
400 500100 200 3000
Reaction time (min.)
BB + crown.KNB
CHC13
25C
BNB + crown.KBr
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Crown ether concentrations : (a) 0.50x10-2M,(b) 1.00x10-2M,
(c)2.00x10-2m,(d) 3.50x10-2M,(e)4.50x10-2M.(f) 5.00x10-2M,
(g)6.00x10-2M
(3)Crown ether = bis -1-B15C5
0.80
0.75
0.70
0 100 200 300
400
Reaction time (min)
(h)
(g)
(f)
(e)
(d)
(c)
(b)
(a)
Crown ether concentrations : (a) 0.13x10-2M,(b)0.30x10-2M,
(c) 0.50x10-2M,(d) 0.80x10-2M, (e) 1.20x10-2M,(f) 1.35x10-2M,
(g) 1.50x10-2M,(h) 1.80x10-2M
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(II) Plots of (ln)
1
[MBB] -[MBNB]
0
versus reaction tine for the reaction
MBB + crown·KNB
CHC1 3
25°C
MBNB + crown·KBr
Crown ether = DCH18C6
1.50
1.45
1.40
0 100 200 300 400
Reaction time (min.)
Crown ether concentrations : (a) 0.10x10-2M, (b) 0.20x10-2M,
(c) 0.50x10-2M, (d) 1.00x10-2M, (e) 1.50x10-2M, (f)1.70x10-2M,
(g) 2.0x10-2M, (h) 2.51x10-2M.
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
1
ln
[MBB]
-[MBNB]
0
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versus reaction time for the reaction(III) Plots of
MBNB+ crown.KBrMBB+ c rown.KNB
(1) Crown ether= DCH18C6
1.60
(f)(h)
(e) (c)
(g)
(b)
(d)1 .50
(a)
1.40
0 100 200 300
Reaction time (min.)
Crown ether concentrations: (a) 0.10x10-2M, (b) 0.20x10-2M,
(c) 0.30x10-2M 9 (d) 0.50x10-2M. (e) 0.70x10-2M,
(f) 1.00x10-2M, (g) 1.20x10-2M, (h) 1.50x10-2M.
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(2) Crown ether= bis-1-B15C5
1.85
(g)
(f)
(d)
(e) (c)
(b)
(a)
1.80
1.75
0 100 200 300 400
Reaction time (min.)
Crown ether concentrations : (a) 0.03x10-2M,(b) 0.06x10-2M.
(c) 0.09x10-2M,(d) 0.2x10-2M,(e) 0.36x10-2M,
(f) 0.45x10-2M,(g) 0.60x10-2M.
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(IV) Plots of (1n
1
[BB] -[BNB]
0
versus reaction tine for the reaction
BB + crown·NaNB
CHC1 3
25°C
BNB + crown·NaBr
Crwon ether = MB15C5
0.72
(d) (c)
0.71
0.70
0.69
0.68
(b)
(a)
0 100 200 300 400 500 600 700
Reaction time (min.)
Crown ether concentrations : (a) 1.00x10-2M, (b) 3.00x10-2M,
(c) 5.00x10-2M, (d) 7.00x10-2M.
1
ln
[BB]
-[BNB]
0
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APPENDIX E
Plot of kobsd versus [crown.NaNB] for the reaction
BB + crown.NaNB
CHC13
25c
BNB + crown.NaBr
catalysed by MB15C5.
0.8
0.6
0.4
0.2
0.0
0 1 2 3 4
5
[crown.NaNB] X102,M.
Kobsd
x
10,
min-1
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APPENDIX F
Data for the plot of (kobsd/[crown.KNB]) versus [crown.KNB] to
show the participation of free ion in the reaction (Equation 4.21).
BB + KNB solid
bis-1-B15C5
CHC13,25C
BNB+ KBr solid
kineitc data for the reaction catalysed by bis-1-B15C5 is used in the
plot (Appendix C-I).
[crown.KNB] Kobsd k2
kobsd
[crown.KNB]
[crown.KNB]
(10-2M) (10-4 min -1) (10-2M-1min-1) M
0.13
0.30
0.50
0.80
1.20
1.35
1.50
1.80
2.25
1.20
2.80
5.40
7.30
11.0
13.5
15.8
17.5
20.4
9.60
9.30
10.8
9.13
9.17
10.0
10.5
9.72
9.07
28.3
18.3
14.1
11.2
9.13
8.61
8.16
7.45
6.67
The plot is presented on p.60,Figure 4.5.


